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INTRODUCTION -

e Tiquefaction solvent has two roles to fulfill: (1) a slurrying liquid
for the coal which enables slurry compression into a continuous flow reactor,
and (2) a hydrogen shuttler which enables the transfer of hydrogen atoms from
H, or synthesis gas to the coal molecules. Additionally, the solvent serves as
a medium for reducing gas and coal product dissolution.

We now wish to describe the use of H,0-H,S as a substitute for organic
slurrying solvents. The philosophy for doi&% sg is that the water fulfills the
role of the slurrying liquid and H,S is the hydrogen atom donor. Since the
first bond dissociation energy of J%ter is 118 kcal/mole, rarely, if at alil,
would it be expected to react with carbon radicals. On the other hand, H?S has
the first bond dissociation energy of 93 kcal/mole and the second of 83
kcal/mole making it a good but not excellent hydrogen atom donor to carbon
radicals (reaction 1). At the higher temperatures of conventional coal
liquefaction reactors the thermodynamics would probably be more favorable.
Reaction 2 has proven to be rapid at coal 1iquefaction temperatures and is

Z2R* 4 H?S + 2RH + S (1)

S + H, » HS (2)

2 2

perhaps the principal advantage of H,S over an organic solvent. The
corresponding reaction for the organic é%]vent is usually slow. Ir organic
liquefaction solvents, H,S is known to enhance liquefaction &ields, and it has
been used for both coal gnd organic model compound reactions.

Water becomes supercritical at 374°C and its supercritical state has the
potential of influencing the 1iquefactio% processes in several ways: it (1}
becomes a fine solvent for hydrocarbons” (Fig. 31), (?2) loses much of its
ability to dissolve inorganic material (Fig. 2)°, (3) adds to the reaction
pressure, and (4) becomes more ionic (acidic and basic) since the ionization
constant increases by ca. 3 powers of ten (Fig, 3). If water is to be
substituted for an organic slurrying liquid, the increase in reaction pressure
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(to ca. 5,000 psi) must be tolerated. Therefore, one must insist there be
compensating factors for this pressure increase which more than make up for the
cost of increased operating pressures. BRatch autoclave data now indicate this
is so, Indeed, water appears to have a positive effect on liquefaction yields
in addition to its role as a slurrying liquid.
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Fig. 3. Ionization constant of water in high-temperature fluids
of various densities. The solid 1ine is the experimentally
determined curve for liquid water under its own vapor pressure.
The estimated extrapolation of the curve to the critical point
is shown as a dashed line. The other dashed lines shown
calculated values of the constant for single-phase fluid water
under sufficient pressure to maintain the indicated densities.

RESULTS AND DISCUSSION

The data of Table 1 compare the H,0-H,S results along with those using (1)
a petroleum-coal based organic solvent, anthracene oil (A04) together with a
solvent refined coal middle distillate from the demonstration plant at Tacoma,
Washington (SRCMD) and (2) dihydropyrene {DHP), a reputedly excellent hydrogen
donor solvent. Three ranks of coals are represented in the data.

Water with synthesis gas outperform A04-SRCMD with synthesis gas for the
conversion of two coal samples into volatile materials at the conditions used,
cf. runs 5 vs. 7 and 14 vs. 16. The presence of a small amount of H,S enhances
the as-defined yields whether in water, cf. runs 1 vs, 2, 7 vs. 8,°16 vs. 17,
21 vs. 22, 26 vs. 27 and 31 vs. 32 or in an organic solvent, cf. 5 vs. 6, 12

64




vs. 13, 14 vs, 15, 19 vs. 20, 24 vs, 25 and 34 vs. 35. The reactions which had

the temperature programmed from 300°C to 500°C using H,0-H,S and synthesis gas
gave the best of the aqueous-H,S conversion yields, c%. #ans 8 vs. 9, 17 vs.
18, 22 vs. 23, 27 vs. 28 and 37 vs. 33. Synthesis gas is superior to pure H2
(980 psig), cf. runs 3 vs. 5 and 12 vs. 14,

The philosophy behind the temperature programmed reactions was the belief
that the thermally produced, coal-derived radicals would be formed in a more
controllable fashion, i.e., in a more steady, slower rate, within the
coal-water slurry than with a sudden thermal jump to a preselected reaction
temperature. The latter is assumed to momentarily deplete the hydrogen donor
capacity of the solvent system at least in the vacinity of the thermal reaction
events. In the case where water is the principal solvent, the hydrogen donor
capacity is the H,S concentration. The consequence of this depletion is the
occurrence of retr%grade reactions which result in Tower conversions.

The dihydrophenanthrene (DHP) runs gave better conversions than either
water or AO4-SRCMD given otherwise the same experimental conditions. However,
DHP decomposes to the extent of 11% at 420°C at 30 minutes, and the non gaseous
products are solids rather than liquids as they are with the water runs. The
water runs were the easiest to separate from the product siurry. The
distillation was complete in ca. 3 hours with the water runs whereas it took
from 5-7 hours to get to ccnstant weight with the organic solvent-based runs.
The 011 separated by gravity from the water in the water based run distillates.

In summary, the H,0-H,S solvent runs with various ranks of coals give
respectable yields of totaT volatile materials at 420°C and with temperature
programming the reactor from 300° to 500°C, the yields were as good if not
better than using one of the best of hydrogen donor model compound solvents.
The H?S concentration the programing rates or ranges have not been optimized.
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Table 1. The Conversion of Coals in H70-HES and A04-SRCMD
Te

Lignites Reducing gases” perature, °C  Sovent Conversion, %
in31an5ead (Zap 1) A,

1 270 0 YRS
2 Indianhead H,S-C0-H3 420 50 42.8

3  Big Brown (BBl) H, 420 AO4-SRCMD 35,2

1 Big Brown HES-Hz 420 O4-SRCMD  35.3

& Big brown HoS-CoE 150 hoahaD 4o

7 Big Brown 2 co-Hg 420 H,0 43.7 + 2.0
8 Big Brown HZS-CO-H2 420 H20 48.9 + 1.2
9 Big Brown HES-CO-H? 300-500 120 71.0

10 Big Brown CO-H3 420 DAP 50.7 + 4.4
11 Big Brown H,S-C0-H5 420 DHP 65.3 + 3.5
12 Beulah (B3) H, 420 AO4-SRCMD  22.2

13 Beulah HyS-H 420 AO4-SRCMD  29.3

14 Beulah Bo-H2 420 AOA-SRCMD  30.1

15 Beu}ah HZ"-ES-EZ 253 RO8-SKCHD gg.g Lo
16 Beulah - B8+ 1,
17  Beulah st-co-Hg 420 H%O 36.8 + 0.3
18 Beulah H55-C0-H2 300-500 W20 51.6 + 1.1
19 Beulah C0-H3 420 DAP 26.6
20 Beulah H,$-C0-H3 420 DHP 53.3 + 2.0

Subbituminous coals
21 Decker (DEC T) C0-H, 420 H,0 38.6 + 0.4
22 Decker H,S-C0-H5 420 50 20.6 + 1.5
23 Decker HES-C0-H) 300-500 H20 52.3 + 0.7
24 Decker CO-H5 420 ofiP 28.4
25 Decker H,S-C0-H5 420 DHP 60.2 + 8.0
26  Absaloka (ABS 1) CO-H, 420 H,0 29.6 + 0.3
27 Absaloka H,$-C0-Hj 420 50 38.1 % 1.1
28 Absaloka HS-C0-H3 300-500 H20 51.0 + 0.7
29 Absaloka CO-Hj 420 DAP N.A.
30 Absaloka H,S-C0-H2 420 DHP 49.6 + 3.5
Bituminous coals

31 Towhattan (POW 1) C0-H, 420 10 24,7 £ 0.4
32 Powhattan H,$-C0-H3 420 H50 30.5 = 0.8
33 Powhattan HS-C0-H3 300-500 H20 41.9 + 0.7
34 Powhattan C0-H2 420 DAP 43.5
35  Powhattan H,S-C0-H 420 DHP 51.6 + 3.5

The experimental conditions are: reaction time, 1 hour; H,S, 250 psig; CO, 490
psig; H,, 490 psig; coal, 1 gram; and water, 1 gram. When“H, alone was used,
its pregsure was 980 psig. The conversion yields were deterftined by distilling
the volatile material (gases and Viquids) from the reactor contents at 250°C at
1 Torr for 5 hours (H 0? and 7 hours (AD4-SRCMD). The coal samples are cited
from the mine site: I%dianhead from the Indianhead Mine at Zap, North Dakota;
Big Brown from the Big Brown Mine at Fairfield, Texas; Beulah from the South
Beulah Mine, Beulah, North Dakota; Decker from the Decker Mine at Big Horn,
Montana; Absaloka from the Absaloka Mine at Sarpy Creek, Montana; and Powhattan
from the Powhattan Mine at Belmont, Ohio.
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